Predicting the evolution of software engineering technology is, at best, a dubious proposition; most typically, it is a frustrating exercise in disappointment and anxiety. It is not difficult to see why: the evolution of software technology is fast paced, and is determined by a dizzying array of factors, many of them outside the arena of software engineering, and most of them cannot be identified, let alone predicted, with any significant advance notice. In this paper, we briefly discuss our first ventures in this domain, and some (very) preliminary conclusions and resolutions.
Structuring the Problem. When we approach the problem of software engineering technology watch, we find that we have many questions that beg for answers. We also find that our questions are all interrelated: some questions refine others; some questions complement others (deal with complementary aspects); some questions provide the background for others; some questions overlap with others, etc.. The first order of business, for our project, is to build a questionnaire structure, which arranges all these questions in a way that attempts to highlight their interrelations. Whatever we learn as we proceed through our project, we use it to answer some of the entries in our questionnaire structure. Also, we endeavor to refine the questionnaire structure, by refining questions that are too vague, merging identical questions, or (perhaps more usefully) synthesizing related questions.
Diversifying the Solution.
We distinguish between three research methods: analytical research, which attempts to understand the phenomena that underlie observed behavior, and build models that capture these phenomena; empirical research, which makes no attempt to understand cause/ effect relationships, but merely attempts to capture observed behaviors by empirical laws; experimental research, which intervenes after analytical or empirical research to validate the proposed models. For each issue that we faced, we found it useful to deploy a judicious combination of these three methods, or some subset thereof.
We feel that the combination of these two premises (Structuring the Problem and Diversifying the Solution) has given us sufficient latitude to gain some insight into the problem and make some (tentative, timid) inroads towards addressing it. We do not offer any concrete answers in this paper, only bits of insight and some partial solutions, and perhaps the impression that the problem is not as intractable as it may sound.
In section 2 we present the questionnaire structure and discuss its motivation. Sections 3, 4, 5 and 6 discuss the four topmost questions that make up the questionnaire structure, which are: how to watch trends; how to predict trends; how to adapt to trends; and how to affect trends. These four sections have the same structure: first, we discuss the general goals of the question raised in the section; second, we take a closer look at the relevant questionnaire structure that pertains to the topic of the section; third, we discuss some of the research resources that we have deployed to answer the questions raised; and finally we discuss some alternative approaches and related work. In section 7 we discuss an empirical effort, which is virtually orthogonal to everything else we are doing in this project, which consists merely of capturing existing technology watch expertise in an expert system; the expertise in question is elicited from a variety of professional sources (magazine columns, technology watch reports, economic models, etc). Finally section 8 summarizes our results, discusses them, then sketches directions of future work.
Questionnaire Structure
We give below the two top layers of the questionnaire structure; in its most detailed form, the questionnaire structure has four layers. At the topmost level of the hierarchy is the distinction between four families of questions:
How do we watch software engineering trends? This question deals with what indicators we need to monitor, where to find them, and how to interpret them.
How do we predict software engineering trends? This question deals with what lifecycle we believe that software engineering trends follow, and what drives the evolution of a trend from one phase to another along the lifecycle.
How do we adapt to software engineering trends? This question deals with how does one define institutional strategy in such a way as to maximize benefit from what is known about a trend and minimize risk from what is not known about it.
How do we affect software engineering trends? Perhaps more crucial is whether trends can in fact be affected by any single entity (government agencies, standards bodies, corporations, etc). This question tries to identify where, in the cycle of a trend, is it possible to alter the course of the trend; and eventually how, and by whom.
At the center of this hierarchy is the question of how to predict software engineering trends. If we understood this question well, we could answer the others with adequate precision.
Watching Software Engineering Trends

General Goals
Generally speaking, the goal of watching software engineering trends is to determine what information we must maintain in order to gain a comprehensive view of the discipline and its evolution. The information in question must be sufficiently rich to support discipline-wide assessments as well as trend-specific analysis. Also, we are concerned with not only what information to collect, but also where to find it/ how to derive it, and how to keep it up-to-date.
We are mindful of the fact that, at a time when software is playing an increasing role in all sectors of the economy, nearly all aspects of economic activity may be deemed relevant to software engineering trends. For the purposes of this project, we choose to start by including mainstream aspects, then including peripheral aspects if they become clearly relevant to our project.
Questionnaire Structure
Specifically, questions that we must address to watch software engineering trends include:
What is the relevant information that we must collect/ monitor? This question can have a wide range of answers. Note that very often software engineering trends are influenced by events that are outside the software engineering domain: a hardware technology breakthrough; the opening of a new market; the advent of a new standard; the lifting of a technological bottleneck. A tentative answer to this question is given in the sequel, in 3.3.
Where do we find this information, or where do we infer it from? Much information that may be needed for our purposes may be protected by corporate interests, governmental classifications, or may be unavailable altogether. In such cases, it must be inferred/ approximated from existing available data.
How do we interpret this information?
We can adapt it to predict a trend, adapt a trend, or affect a trend; these issues will be discussed in the sequel.
How often do we need to update this information?
The frequency with which we must update information depends on its criticality, its variability (with time), and the cost of collecting it.
Research Resources
We have identified a number of software engineering-specific, and technology-related, indicators, which we have divided into five categories: 
A Survey
The National Science Foundation is maintaining science and technology (S&T) indicators [26] , and issuing periodic reports on various aspects of scientific and technological activity; these indicators are geared primarily towards supporting science and technology policy. The World Bank maintains similar data on a worldwide scale [27, 28] . The European Union mandates regular surveys focused on scientific and engineering innovations, and publishes the results in periodic reports, called Community Innovation Surveys [23] [24] [25] . Other European initiatives include the European Innovation Monitoring Surveys [22] and the House of Lords Science and Technology Reports [16] . A study by Zacks [29] provides a basis for quantifying the economic impact of academic research by means of two quantities: licensing income, which reflects current income collected from past patents; and current patents, which represent future income potential. Zacks ranks the top fifty universities in terms of these metrics. 
Predicting Software Engineering Trends
General Goals
Predicting software engineering trends is probably the most important goal of this study: it is both the most crucial goal (upon which most other goals depend), and the most difficult to achieve. The focus of this goal is on identifying a lifecycle that trends follow (if indeed they follow a lifecycle). Once this lifecycle is identified, we can then answer such questions as: What factors determine the success (/ failure) of a trend? How early can such factors be assessed? How early can the success/ failure be predicted? Which success factors (if any) are controllable? What phases/ transitions in the lifecycle lend themselves to external intervention?
Questionnaire Structure
While we have not yet derived a definite lifecycle that software engineering trends follow, we recognize that such a lifecycle follows three (successive/ concurrent/ partially concurrent) cycles, which are: Research, Technology Transfer, and Marketing. This leads us to the conclusion that in order to apprehend software engineering trends, we must consider three families of trends, and cast the questions raised above (subsection 4.1) in terms of these.
Research Trends. Research trends are driven by general perceptions of the state of the art and the state of the practice, by researcher perceptions of practitioner needs, by national funding programs that rally around specific strategic goals, and by sheer technical interest (researchers tend to flock to areas that have meaningful technical challenge). Research trends are a favorite topic of panel sessions [4, 17, 21, 30, 31] and surveys [12, 13] .
Technology Trends. Technology trends are driven by the maturation of applicable research ideas, and by the successful evolution of the idea to a useful, technologically viable, product. Technology trends are the subject of many periodic columns in scientific/ professional publications. Examples include Ted Lewis' columns in IEEE Computer [8] , Robert L. Glass' columns in Journal of Systems and Software [3] and Steve McConnell's columns in IEEE Software [9] .
Market Trends. Market trends are created either by the supply side (when a technologically viable product becomes economically viable) or by the demand side (via the creation of new markets, or the expansion of existing markets). Most typically, the availability of new technologies creates new markets; also, the opening of new markets produces incentives to cater to these markets, and fuels the advent of new technologies -so that these two forces are mutually related. Market trends are the subject of trade publications (The Wall Street Journal, The Wall Street Research Net, Information Week, etc).
We classify our research goals into three families, depending on which trends they try to forecast; we discuss these three families in turn, below.
Research Trends
As far as research trends are concerned, we identify the following subgoals for our research project.
Identify research issues and non-issues. Specifically, we want to maintain a list of current research issues, possibly ordered by criticality and/or by importance. Issues arise at the edge of current understanding; they are phased out whenever they are resolved or are deemed irrelevant (e.g. by the availability of alternative solutions).
Identify theoretical vs. practical research goals.
Theoretical research enhances our understanding, whereas practical research exploits our understanding to enhance engineering practice.
Propose analytical vs. empirical research methods.
Analytical research methods attempt to analyze processes of interest and use this analysis to enhance our understanding of these processes. Empirical research methods make no attempt to understand the mechanics of the processes at hand, and merely attempt to build empirical laws, which are used to enhance practice.
Formulate Realistic Expectations. In order for a research trend to bear fruit, its associated expectations must be carefully analyzed, and must be commensurate with current capabilities and current needs.
Technology Trends
In order for a research idea to turn into a concrete product, three conditions must be satisfied simultaneously:
The idea must be mature. All outstanding research issues must be satisfactorily resolved.
There must be an actual or potential market for the product. The demand for the product may be already there, or it may have the potential to arise once the technology is available. For example, the need for E-Commerce did not exist before E-Commerce was possible; rather the need arose from the availability of the Internet/web technology.
There must be an economically viable way to make this technology available on the market. This condition is clearly a prerequisite for successful technology transfer.
As far as technology trends are concerned, we identify the following subgoals.
Track promising research ideas, measuring their maturity, market potential, and technological viability as we go.
Identify technological bottlenecks, which may or may not be of a software nature, and track their evolution.
Track current technological needs, and their evolution as markets shift (e.g. if new segments of the population gain access to the Internet, do they bring new needs? new interests? do they change the economic equation of existing technologies?).
Identify / track general trends in venture capital: what is the level of funding, the level of confidence, the level of risk.
Market Trends
In the same way as technological trends influence research trends, market trends can in turn influence technological trends. There are two ways in which market trends influence technology trends: either by providing new products, or by creating new markets. Hence our goals include:
Watch changes in the supply side. The advent of new products may alter the viability equation for existing technologies and enable new technologies. For example, the advent of new memory devices or new CD technology can make web movies feasible in short order.
Watch changes in the demand side. The advent of new markets or the expansion of existing markets may alter the viability equation of existing technologies by changing the economy of scale criteria. For example, consider that while technologically, e-commerce relies on web technology, economically, it relies on the existence of a wide market of Internet users (i.e. users who can afford the required equipment, the connection costs, and have an adapted lifestyle).
Research Resources
To apprehend the elusive question of how to predict technology trends, we are adopting three orthogonal approaches:
An Analytical Approach. In this approach, we make the tentative hypothesis that a software engineering trend proceeds through three phases (research, technology transfer, marketing), and seek to find models (existing models [14, 15] , as well as original models) for each one of these phases.
An Empirical Approach. In this approach, we consider sample trends, observe their evolution over time, record this evolution by means of time series, then try to derive general laws for how these trends evolve. For example, if we determine that the evolution of a trend can be captured by three variables, say , 
An Experimental Approach.
In this approach, we analyze the history of past trends and try to superimpose them on our proposed generic lifecycle. The purpose of this exercise is two-fold: First, we attempt to find some endorsement to our model, if we do feel that the sample trend espouses the structure of the proposed model; second, we use the sample trends to gain insight into the sequential structure of each family of trends (e.g. what characterizes the various phases of each trend, how are transitions between phases defined, etc). A sample trend that we have used for this purpose is the Internet; this example illustrates several aspects of interest to us, including -The many phases that a trend has to go through, from the original idea (Galactic network, at MIT, 1962) , to the first rudimentary implementation of the idea (ARPANET, at UCLA, 1969), to an evolved operational product (Ethernet, at Xerox PARC, 1973), to an enhanced widespread infrastructure (NSFNET, joint industrial/ governmental funding, 1985), to today's internet infrastructure. The hypertext thread has evolved independently, and has used the internet infrastructure to produce today's world wide web.
Analysis of Generic Evolutionary Cycle
III. Commercialization Lag Figure 1 : Generic Evolutionary Cycle.
-The many partners that participate in the evolution of the trend, and the way in which their roles complement each other. In this sample example, the government intervened twice, in decisive phases, to profoundly affect the evolution of the trend. Corporations intervene in short term, low stakes, low risk cycles of investment and return on investment.
Our current thinking is that the evolution of a software technology trend follows a multi-track cycle similar to that which is presented in figure 1 . We feel that the three tracks shown in this figure are subject to distinct forces, hence follow different evolutionary paths; indeed the references we discuss below (section 1) can be clearly classified along these lines. Our challenge, currently, is to analyze the structure of each individual trend's lifecycle in figure 1 , in order to identify phases, characterize transitions between phases, and define the bridges between lifecycles.
A Survey
We classify existing work on predicting software technology trends into three categories, one for each family of trends.
Research Trends. In [20] , Rogers discusses a linear sequential lifecycle for innovations, ranging from research, through development and commercialization, to diffusion and adoption. Rogers stresses the events that define transitions from each phase of the evolutionary lifecycle to the next, ranging from knowledge, through persuasion and decision to implementation and confirmation. This model sheds some light into how an innovation is adopted; from our perspective, this model covers not only research trends, but subsequent trends as well. In [6] , Kuhn discusses a theory of scientific (r)evolution, in which he makes hypotheses on how ideas arise and evolve in scientific research, how ideas compete for dominance, and what selection processes come into play to promote one idea at the expense of others. Kuhn proposes an explicit evolutionary lifecycle of scientific ideas, and discusses the concept of paradigm as the central player in this lifecycle. Technology Trends. We distinguish between two kinds of studies: those that deal with the evolution of the general discipline; and those that deal with the evolution of specific ideas or products. Under the first header, we mention Nancy Leveson's feature [7] in CACM's special issue: The Next 50 years -Our Hopes, Our Visions, Our Plans. We also mention the report of Brereton et al [1] , which extends the debate on the future of software in two ways: first by stepping back from a detailed technological focus, and second by integrating the views of experts from a wide range of disciplines. Brereton et al report on the process that they followed to sketch future research/ technological directions for their company (BT Labs, UK), and discuss the influence that their work had on their corporate strategy. Gaines [2] discusses a learning model, called the BRETAM model (for: Breakthrough, Replicator, Empiricis, Theory, Automation, Maturity), and uses it to forecast the evolution of information technology (see figures 2 and 3); this model does not cover the market aspects that we have discussed above. As for the evolution of specific trends, we consider the work of Redwine and Riddle [19] , which reports on experimental investigations that attempt to recognize the lifecycle of selected technologies, emphasizing chronological aspects of each phase. The lifecycle they propose includes: Basic research; Concept formulation; Development and extension; Enhancement and exploration (internal, then external); and Popularization. An alternative, less linear, lifecycle is proposed by Raghavan and Chand [18] , who attempt to specialize Roger's framework of the diffusion of innovations [20] to software. The work of Moore on Crossing the Chasm [14] appears to be an adequate model for capturing technology trends.
Market Trends. Moore's work on Shareholder value appears to be an adequate model for capturing market trends [15] . McConnell's work on the Gold Rush model [9] [10] [11] gives further insights into market trends. The work of Redwine and Riddle [19] of Technology Maturation, and the work of Moore on Crossing the Chasm [14] also give some insight into market forces that affect software technology, although they are primarily centered on technology aspects. These models are currently under investigation with respect to our perspective. We are aiming to synthesize existing work so as to enhance our model, depicted in figure 1.
Adapting to Software Engineering Trends
General Goals
We can think of many different interpretations to the question: how do we adapt to a technology trend?:
A corporate manager hears about a particular trend (e.g. Linux) and wants to know what to do about it: ignore it? adapt the corporate products to support it? adapt the corporate products to be compatible with it? develop a new line of products that support it? participate in standards activity that pertains to it?
An academic curriculum developer hears about a particular trend (e.g. Java) and wants to know what to do about it: ignore it? ensure that students know about it upon graduation, no more? teach introductory programming with this language? overhaul the curriculum to make it an integral part of student education?
A government acquisition manager hears about a particular trend (e.g. component based software engineering) and wants to know what to do about it: ignore it? encourage government contractors to adhere to it? require government contractors to adhere to it?
A government funding manager hears about a particular trend (e.g. Software Evolution) and wants to know what to do about it: ignore it? fund exploratory work on the subject? encourage proposals on the topic? launch a large scale initiative on it?
Each of these parties has a particular stake in the evolution of the trends; each may need a distinct information profile to make a judicious decision.
Questionnaire Structure
Generally speaking, adapting to technology trends depends to a large extent on watching technology trends and on predicting technology trends, as well as assessing adoption costs, adoption benefits, and adoption risks. To fix our ideas, we consider the issue of adapting to a software trend from a corporate perspective: If a corporate manager must make a decision on given trend, what does he/she need to know about it? We recognize several features that must be analyzed and/or quantified in order to provide support for this decision:
What are the stakes of this trend for the organization?
This question deals in particular with whether the trend has an impact on the corporate business operations, and deals with quantifying this impact, if applicable.
What is the optimal time to make an adoption decision on the trend?
Generally, the more we wait the more we know about the trend. At the same time, the more we wait the more opportunity we miss.
We have formulated these questions in such a way that, if we could quantify the answer to each, we would model the adoption decision as a return on investment decision. In the absence of accurate quantification, these questions are, nevertheless, useful, in the sense that they provide a comprehensive perspective on the adoption decision.
Research Resources
We are considering two alternative approaches to this problem, and conducting them in concert. To fix our ideas, we formulate these approaches in the context of a corporate manager who must make an adoption decision regarding a rising technology.
Analytical Approach. This approach views the adoption decision as a return on investment decision, and quantifies this decision by considering in turn the upfront investment costs, periodic costs, periodic benefits, and length of time that these periodic costs and benefits are expected to arise. Upfront investment costs include adoption costs, training costs, costs resulting from paradigm shifts, etc. Periodic costs/ benefits quantify the balance sheet of the option to adopt the technology, versus the option of not adopting it. The decision of when to make an adoption decision on the technology can itself be modeled as a return on investment decision, by comparing the option of deciding immediately against the option of deciding at a later date. Of course, the bottleneck of this analytical model is the estimation and the quantification of relevant cost factors. For many of these factors, we have no other option but to consider discrete rating scales; we organize these factors into categories, which we report in structured tables.
Empirical Approach. The empirical approach makes no effort to analyze/ understand the precise economics of technology adoption, but attempts to derive relationships between relevant parameters of the technology and the outcome of an adoption decision. To this effect, we use machine learning technology: we submit to a machine learning tool several examples of pairs of the form (trend history, trend adoption outcome), and we let the machine learning tool discover relationships between these. The bulk of the problem, of course (and the key to success/ failure), is how to model these two items of information. Our current thinking involves the following propositions:
-Trend history. Factors that capture the history of the trend include: some estimate of where the trend stands with respect to the tentative lifecycle proposed in figure 1 ; some quantification/ qualification of the trend's technical merit; some quantification of the trend's actual market and potential market; some quantification of the trend's adoption costs and adoption latency; some quantification of the trend's level of support in academia, industry, government; etc.
-Adoption outcome. We model the adoption decision in economic terms, by means of a function which measures the average gain achieved by adopting the trend; positive values of this function militate in favor of adoption, negative values discourage adoption.
The information we feed the machine learning tool will report on past or current trends, taken at various dates in the past. Examples: the cost/ benefits of adopting Ada as the development environment of a company, assessed at years 1980, 1984, 1988, 1992 ; the cost/ benefits of developing software for the McIntosh line of operating systems, assessed at years 1980, 1982, 1984, 1986. For the purposes of our study, we have selected the CLIP4 machine learning tool, developed by the Intelligent Systems Laboratory of the University of Colorado at Denver.
Survey
Many corporations have corporate tech watch efforts, that are geared to their specific corporate strategic goals, and are highly classified. Also, many industrial consortia (such as the Software Productivity Consortium, the Microelectronics and Computer Technology Corporation) do conduct technology watch on behalf of their corporate members. In addition, many dedicated companies (e.g. the Gartner Group, the Rand Corporation) and academic research laboratories (e.g. 6 Affecting Software Engineering Trends
General Goals
In this aspect of the project, we are interested in analyzing to what extent it is possible to affect/ control technology trends. We emphasize in particular controllable aspects of the issue: it is not sufficient to have an impact on a trend; we also want that the impact be premeditated and preplanned. Launching a national research initiative in a strategic area qualifies as an attempt to control tech trends; inventing a product (e.g. html) that, due to a special set of circumstances, revolutionizes the field, does not.
Questionnaire Structure
Detailing the general goals discussed above, we derive the following questions: 
At What phase of its evolutionary lifecycle can a technology trend be affected?
How can we quantify impact? If a funding agency invests some amount of resources into a funding initiative, how can it determine, post-mortem, the benefit that it has reaped from the investment? Better yet, how can it predict the amount of benefit?
Research Resources
We are performing a post-mortem analysis of past government initiatives to assess their impact, and attempt to identify tangible measures of success. We collect data that are indicators of the success/ failure of the government initiatives with respect to computer science research. The data that we use are derived from a variety of sources, including governmental organizations and other private/ public studies in this area. The study also looks at the contribution of university-based research (where a large number of government sponsored programs are undertaken) towards innovation in general and towards industrial innovation in particular. We are looking at a variety of measures that are likely indicators of the success/ failure of government initiatives, including:
The trivial research metrics, such as numbers of scientific publications in journals and conferences. We also relate this to other measures such as the number of patents. For example, between 1985 and 1994, the number of scientific and technical papers that are cited in patent applications rose from 0.4 to 1.4; of these, about 75% were written by public sector researchers in the US or abroad. This finding may support the notion that there is an increasing concern for applicable research, on the part of funding bodies in the US.
We are also interested in the metrics of the number of patents issued. Patents are a likely measure of innovation, and their impact on the economy can be felt much more readily than the abstract concept of research paper.
We are monitoring/ measuring the volume of spinoff economic activity, measured by the number of spinoff companies, their volume of business, their employment figures, etc.
We are also trying to monitor/ observe the less tangible but no less important advancement of scientific knowledge, which can be quantified by long term technological/ economic dividends.
Other aspects of how technology trends can be affected are under review.
Survey
A study by BankBoston [5] concluded in 1997 assesses the economic impact of advanced research at MIT. Quoted from [5] :
After surveying 1,300 chief executives and sifting facts for two years, BankBoston concluded that the economic impact of MIT is, in fact, enormous. The 4,000 companies founded by MIT graduates or faculty as of 1994 employed 1.1 million people and generated $ 232 billion in world sales, the report asserts.
...In the United States, MIT-related companies employed 733,000 in 1994 at 8,500 plants and offices, located in all 50 states. That is one of every 170 jobs in the country.
This study shows, for our purposes, that academic research does have a (largely) quantifiable economic impact. It also provides, for the purposes of our study, a possible model for quantifying the economic impact of scientific research.
In a recent study for the National Science Foundation, CHI Research tracked more than 45 000 references from US patents to the underlying research papers, and tabulated both the institutional and financial origins of the cited work; they find that more than 70% of the scientific papers cited on the front page of US patents come from public science -science performed at universities, government labs, and other public agencies. Furthermore, they found that the papers that are cited in patents are from the mainstream of US science, quite basic, relatively recent, and highly influential journals, and authored at prestigious universities and laboratories.
Also, studies have shown that for every million dollars in government funding, there are twelve more articles written, 0.50 more patents issued, and $ 152,015 increase in total faculty salary per institution.
Capturing Sources of Expertise
Our investigations have brought us in contact with a wide array of sources of expertise in software engineering technology watch. This includes Tech Watch columns such Ted Lewis' columns in IEEE Computer [8] , Robert L. Glass' columns in Journal of Systems and Software [3] and Steve McConnell's columns in IEEE Software [9] . It also includes Tech News bulletins, such as those maintained by IEEE, ACM, CRA (Computing Research Association), and Tech Watch organizations, such as the Gartner Group, MCC (Micro-electronics and Computer Corporation), and SPC (Software Productivity Consortium).
One of our background tasks consists in capturing all the bits of expertise we pick up as we read through our various sources, and packaging them into a knowledge base. To this effect, we are using an expert system, CLIPS, and are adopting its knowledge representation schema to represent the facts and rules that we derive. The most challenging aspect of this task is to define the appropriate level of granularity for the information that we wish to represent, and to define a uniform vocabulary for our relevant concepts; this is currently under investigation. The sidebar given here is purely indicative; it is at the wrong level of abstraction, and uses ad-hoc concepts, but conveys the general idea of what we have in mind for our knowledge base. 
Summary
In this paper, we have outlined our approach to the elusive question of how to watch, predict, adapt, and affect software engineering technology trends. These questions are rather elusive, and are usually dismissed as being unsurmountable.
In this paper, we have attempted to do two things:
First, formulate the problem of technology watch in terms of a hierarchy of increasingly specific questions. This hierarchy of questions serves two purposes: first to focus our effort on specific issues that we need to address; second to lend some structure to this inherently complex problem.
Second, show how a systematic combination of empirical, experimental, and analytical approaches can gives us means to gain some understanding on the problem. Analytical approaches, mostly inspired from earlier work [2, 14, 15] , allow us to derive candidate models for the complex evolution of software engineering trends; empirical approaches allow us to derive evolutionary models, or model aspects, without emphasis on analytical explanation of the models; and experimental approaches allow us to collect the necessary data to fill in the parameters of our candidate models and to test them for adequacy.
Assessment
Many researchers and practitioners have dealt with many aspects of the complex question of software engineering trends; we have discussed these throughout the paper. Our effort can be characterized and contrasted by the following premises:
Mandate. Whereas other technology watch efforts serve a corporate agenda, a consortial agenda, or a national agenda, our effort aims primarily to serve the discipline.
Mission. Whereas other tech watch efforts aim merely to perform tech watch, our project has a dual mission, which includes not only the conduct of tech watch, but also an investigation of how to perform tech watch.
Focus. Whereas other tech watch efforts span a wide range of areas (microelectronics, electro optics, imaging, information technology, etc), ours is focused primarily on software engineering, and deals with other areas only to the extent that they have an impact on software engineering trends.
Range. For the sake of argument, we view the lifecycle of technology as including a research phase, a technology transfer phase, and a marketing phase. Whereas other tech watch efforts focus on specific phases of the lifecycle (or combinations thereof), we wish to cover all three phases. We feel that this would give us a better overall understanding, and a better forecasting capability.
